Abstract
Introduction

Governing equations
108
The macroscopic equations describing heat and fluid transport in fractured and saturated porous here κ is the permeability, μ is the fluid viscosity, g is the acceleration due to gravity and z 129 is the depth.
131
Similarly, the heat transport in fractures within a porous matrix is given by Darcy's velocity term (contribution of convective heat transfer) that appears in Equations (1),
147
(4), and (5) for the matrix block, and (6), (7) and (8) for the fracture. 
Fluid and rock physical properties
In this study, the fluid properties are assumed to vary with temperature. For the fluid density 151 in kg/m 3 , the fitting polynomial trend proposed by Holzbecher [17] 
The unit of equation (11) The validation of the analytical model is based on heat diffusion and advection through a rock 187 matrix orthogonal to a fracture, as shown in Fig. 1 also, heat transfer takes place by diffusion in the rock matrix along the z-axis only [19] . Thus,
196
the Lauwerier's solution is given by
where the following parameters from equation (13) are dimensionless:
where v is the groundwater velocity, w b is the fracture width, while x and z represents the 201 dimensions of the axes.
202 Table 1 presents the model and material parameters employed in the study [19] . In line to carry out a validation study on a geothermal system, the lower granite of the Soultz
226
geothermal system is chosen due to the situation of the lower reservoir within this vicinity.
227
Thus, validation of the temperature profile of this lower section of the system is paramount in overall agreement is reasonably sound with some slight differences at certain depths. the lateral distance between each of the production wells from the injection well is 0.6 km [28] .
236
265
The wells are fully cased from the surface down to the top of the lower reservoir level (4.5 km), Table 3 .
288
Initial and boundary conditions 289
The temperature profile of the Soultz geothermal system possesses a dynamic gradient trend. temperature is expressed as 
Results and Discussions
337
After successful completion of the validation studies, this study seeks to identify some response It is worthy to mention that, the temperature in the production wellbores GPK2 and
371
GPK4 are found to be identical in all cases. Thus, for clarity purposes, only the simulation 372 results obtained in production wellbore GPK2 are presented here.
The effect of human-controlled parameters on production temperature
375
A complete factorial experimental design is used in implementing the possible combinations 376 required, and for this case, it results to 16 different operational scenarios as shown in Table 6 .
377
The studies involve understanding the effect of various interactions of these parameters on 378 reservoir productivity. Fig. 9a showed the production temperature history at wellhead GPK2, and vice-versa.
The effect of naturally-occurring parameters on production temperature
441
In order to examine the effect of different interactions of the naturally-occurring parameters 442 listed in Table 5 on reservoir productivity, a complete factorial experimental design is 443 employed, and it rises to 16 distinct operational scenarios are shown in Table 7 . The parameters 444 examined include the geothermal gradient, permeability, thermal conductivity, and porosity.
445
The results obtained are shown in Fig. 11 and are analysed using four different scenarios. In because the porosity in the first scenario is just 10%, while in the second scenario, it is about 453 40%, as the latter case provides more room for temperature circulation than the former.
454
In the second case, all other parameters remain the same as in the first instance except 455 the permeability, which is changed from 1 mD to 0.01 mD. 
Findings and limitations
494
The sensitivity analysis performed showed that reservoir parameters could be a significant asset 495 to reservoir engineers/managers during planning, exploration, and exploitation stages. the 496 parameters analysed are divided into two sets: the first category is referred to as human-497 controlled parameters, which are fluid injection temperature, injection pressure rate, injection 498 rate, and well lateral spacing, whereas the second type is called naturally-occurring parameters 499 that include permeability, porosity, geothermal gradient, and thermal conductivity.
500
Based on the results obtained in this investigation for naturally-occurring parameters,
501
it is clear that formation porosity has no significant effect on reservoir productivity regarding 502 the naturally-occurring parameters. On the other hand, the reservoir permeability, geothermal 503 gradient, and thermal conductivity have a major impact on reservoir productivity. This study
504
showed that the permeability and the geothermal gradient of the reservoir are the important 505 naturally-occurring parameters of the system.
506
For human-controlled parameters, the injection temperature, injection pressure, and 507 lateral well spacing have the most significant influence on reservoir productivity. Thus, the injection temperature, the injection pressure, and lateral well spacing are critical human-509 controlled parameters that can be engineered to obtain the highest temperature production rate.
510
Moreover, the study showed that there is a distinct trend in the variation of the 511 production temperature with the change of each parameter. Based on the sensitivity analysis 512 performed, two points are worth noting:
513
(1) The proper knowledge of the geothermal gradient and reservoir permeability are 514 crucial factors in geothermal energy mining.
515
(2) The injection pressure has to be managed correctly because higher injection rates 516 affect the reservoir productivity immensely.
517
Thus, the interactions between the parameters investigated in this work should be 518 considered in relation to their effect on the production temperature and not on the financial 519 viability or efficiency of the operation. For instance, the porosity does not affect reservoir 520 productivity, but with respect to drilling operations, the more porous the formation, the less the 521 operational cost and vice-versa. 
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